From the spin polarized density functional total energy calculations, we shown that the ground state of cubic perovskite RbMnF3 is an antiferromagnetic (AFM) insulator due to the super -exchange mechanism, in agreement with the other theoretical and experimental results. After tetragonal distortion along the c -axis, keeping the predicted volume, our results indicated that the strain -induced magnetic phase transition from an AFM insulator to a half metallic ferromagnetic (HM -FM) state is available by the tetragonal distortion due to the insulator -half metallic transition.
the interfacial exchange bias [21] [22] [23] , among other developments AFM materials have been recently been shown to be efficient spin current detectors by meaning of the spin Hall effect [24, 25] . Three AFM materials that attracted considerable attention in the past are the following fluoride insulators: FeF 2 , MnF 2 and RbMnF 3 . These compounds show simple three dimensional AFM ordering with two sublattices at the temperatures below the Neel temperature of 78, 67 and 83 K respectively [26] . Therefore, these insulators are not directly used to the AFM spintronics due to the low Neel temperatures, and are shown to be the paramagnetic (PM) phase at the room temperature.
The magnetic interactions of FeF 2 , MnF 2 and RbMnF 3 insulators are dominated by nearest neighbor exchange having effective exchange fields on the same order of magnitude 540, 515 and 830 kOe respectively [26] .
However, their magnetic anisotropy fields are different by several orders of magnitude. In FeF 2 compound, the ground state configuration of its magnetic Fe 2+ ions creates the 5 D 4 term, which has a finite orbital angular momentum and consequently a large effective anisotropy field of 190 kOe, arising from the spin -orbit coupling of single ion [27, 28] . But in MnF 2 and RbMnF 3 compounds, the ground state configuration of their magnetic Mn 2+ ions creates the 6 S 5/2 term with no single ion angular momentum, so that their crystalline anisotropy is small. In MnF 2 , the tetragonal arrangement of the magnetic ions results in a sizable anisotropy of 10 kOe due to the dipolar interaction [29, 30] . However, RbMnF 3 has a cubic perovskite structure with no measurable distortion, so that dipolar anisotropy vanishes. As this result, cubic perovskite RbMnF 3 has the very small magnetic anisotropy of 4.5 Oe [5] . Recently Lopez Ortiz was shown to occur the AFM -spin flop (SF) and SF -FM transitions due to the very small magnetic anisotropy, and obtained the critical magnetic field and SF temperature for the transition from the AFM phase to the SF phase [10] .
In this study, we consider to occur the insulator -half metallic transition of strain -induced perovskite RbMnF 3 driving by tetragonal distortion by the first -principles calculations within the framework of spin polarized density functional theory (DFT). Our results have shown the influence of tetragonal distortion to the magnetic property of strain -induced perovskite RbMnF 3 .
II. COMPUTATIONAL METHOD
The RbMnF 3 usually crystallizes in the cubic perovskite structure with the space group of Pm -3m (# 221). The unit cell of RbMnF 3 has the 5 atoms and the atomic positions in RbMnF 3 are sited as follows:
Rb atom at the (0, 0, 0), Mn atom at the (1/2, 1/2, 1/2), and F atoms at the (0, 1/2, 1/2), (1/2, 0, 1/2),
(1/2, 1/2, 0). In order to create the AFM state, we used the (1 x 1 x 2) supercell in all the calculations.
Our calculations are based on the pseudopotential projector augmented wave (PAW) and plane wave (PW) self -consistent field methods using the generalized gradient approximation (GGA) by Perdew, Burke and Ernzerhof (PBE) [31] within the framework of DFT [32, 33] , as implemented in the QUANTUM ESPRESSO 6.3 package [34, 35] . The interactions between the ions and valence electrons are expressed as the non relativistic ultrasoft [36] and PAW [37] FFT and smooth part of charge density are chosen to be (60 x 60 x 120) grids. There might be need to use finer k -points meshes for a better evaluation of on -site occupations due the strong correlated system. The summation of charge densities is carried out using the special k -points restricted by the (10 x 10 x 5) grids of Monkhorst -Pack scheme due to the computer power ability [40] . The linear tetrahedral method is used when the electronic densities of state (DOS) are evaluated [41] . To obtain optimized atomic structures, ionic positions and lattice parameters are fully relaxed until the residual forces are less than 0.05 eV/Å for each atom. The occupation numbers of electrons are expressed Gaussian distribution function with an electronic temperature of kT = 0.02 Ry. The mixing mode of charge density is chosen to be local density dependent
Tomas -Fermi (TF) screening for highly inhomogeneous systems. Its mixing factor for self -consistency is to be 0.2 and the number of iterations used in mixing scheme is 5. The generalized eigenvalue problem is solved by the iterative diagonalization using the conjugate gradient (CG) minimization technique, and the starting wave function is chosen from superposition of atomic orbitals plus a superimposed "randomization"
of atomic orbitals in all our calculation [34, 42] . In order to express the strong correlated effect of electrons in the Mn(3d) state, we first checked the U parameter of Hubbard -based Hamiltonian on -site Coulomb interaction from 2 eV to 7 eV, and was chosen to be U = 5 eV the using the simplified rotational -invariant formulation based on the linear -response method [43] . Atomic wavefunctions used for GGA + U projector are not orthogonalized. In order to perform the MCA calculations [44] [45] [46] , we have done the spin polarized density functional total energy calculations of non collinear magnetism (GGA + SOC) including the spinorbit coupling, using the fully relativistic ultrasoft and PAW pseudopotentials taken from the Pslibrary 1.0.0 utility.
III. RESULTS AND DISCUSSION
We have first done the full relaxed total energy calculations of nonmagnetic (NM), FM and AFM states using both the PW and PAW methods by GGA and GGA + U approaches. We presented the results of predicted lattice parameters, band gap, magnetic energy gain between the FM and AFM states (∆E =
, magnetic moments per atom and total magnetization of magnetic ions of RbMnF 3 on Table   I . Our results are shown that the ground state of cubic perovskite RbMnF 3 is antiferromagnetically stable.
In the PW and PAW methods, the AFM state is found to be energetically more stable by 24.49 and 26.72 meV/cell, respectively, than the FM one due to the super -exchange mechanism through Mn -F -Mn bonding by the GGA approach. In these cases, the lattice parameter is predicted to be 4.16Å, and these values agree with the experimental values of 4.24Å [47] . The magnetic moment of Mn ion is found to be 4.69 µ B /atom by both the methods. But the band gaps are found to be 1.28 and 1.14 eV by the PW and PAW methods respectively. These values are different from the experimental value of 2.50 eV for cubic perovskite RbMnF 3 [12] . Therefore, we considered the strong correlated effect of magnetic Mn ion by the U parameter of Hubbard -based Hamiltonian on -site Coulomb interaction.
For the GGA + U approach, the band gaps are found to be 3.00 and 2.92 eV by the PW and PAW methods respectively. It is shown an insulating behavior for both the majority and minority channels. These results agree with the theoretically results by Hashmi [13] .
For the PW and PAW methods by the GGA + SOC approach, the lattice parameter is increasing up to 4.30
A. The magnetic energy gains between the FM and AFM states are found to be 23.17 and 19.05 meV/cell, and the AFM state is favored to be the ground state of cubic perovskite RbMnF 3 . The magnetic moments of magnetic ions is found to be 4.21 and 4.20 µ B /atom in the GGA + SOC approach by the PW and PAW methods respectively. These results are similar to the above results. While the GGA + SOC approach shows that the SOC is not small and it is affected to the lattice parameter of cubic perovskite RbMnF 3 .
The theoretical work is shown that the bulk modulus of cubic perovskite RbMnF 3 is smaller than that of other cubic perovskites RbXF 3 (X = V, Co and Fe) [13] . Therefore we created the tetragonal distortion along the c -axis to the cubic perovskite RbMnF 3 and the total energy calculations of NM, FM and AFM states have performed at the predicted volume. The magnetic energy gain and magnetic moments of Mn ion are shown in Figures (2a) and (2b) by the GGA and GGA + U approaches respectively. For the tetragonal distortion, when the ratio of c and a parameters becomes greater than 1. 
IV. CONCLUSION
In conclusion, we have predicted that the ground state of cubic perovksite RbMnF 3 is an AFM insulator due to the super -exchange mechanism. After tetragonal distortion along the c -axis, keeping the predicted volume, our results indicated that the strain -induced magnetic phase transition from a AFM insulator to a HM -FM state occurs by the insulator -half metallic transition. We predicted the easy axis to be along 
